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GASTROKINES AND DERIVED PEPTIDES INCLUDING INHIBITORS 



Inventors: Terence E. Martin, F. Gary Toback, C. Thomas Powell, Kan Agarwal 



BACKGROUND 

A novel group of Gastric Antrum Mucosal Proteins that are gastrokines, is 
characterized. A member of the gastrokine group is designated AMP-18. AMP-18 
genomic DNA, and cDNA molecules are sequenced for human and mouse, and the 
protein sequences are predicted from the nucleotide sequences. The cDNA molecule for 
pig AMP-18 is sequenced and confirmed by partial sequencing of the natural protein. 
The AMP-18 protein and active peptides derived from its sequence are cellular growth 
factors. Surprisingly, peptides capable of inhibiting the effects of the complete protein, 
are also derived from the AMP-18 protein sequence. Control of mammalian gastro- 
intestinal tissues growth and repair is facilitated by the use of the protein or peptides, 
making the protein and the derived peptides candidates for therapies. 

Searches for factors affecting the mammalian gastro-intestinal (GI) tract are 
motivated by need for diagnostic and therapeutic agents. A protein may remain part of 
the mucin layer, providing mechanical {e.g., lubricant or gel stabilizer) and chemical (e.g. 
against stomach acid, perhaps helping to maintain the mucus pH gradient and/or 
hydrophobic hairier) protection for the underlying tissues. The trefoil peptide family has 
been suggested to have such general cytoprotectant roles (see Sands and Podolsky, 1996). 
Alternatively, acytokine-like activity could help restore damaged epithelia. A suggestion 
that the trefoil peptides may act in concert with other factors to maintain and repair the 
epithelium, further underlines the complexity of interactions that take place in the 
gastrointestinal tract (Podolsky, 1997). The maintenance of the integrity of the GI 
epithelium is essential to the continued well-being of a mammal, and wound closing after 
damage normally occurs very rapidly (Lacy, 1988), followed by proliferation and 
differentiation soon thereafter to reestablish epithelial integrity (Nursat et aL, 1992). 
Thus protection and restitution are two critical features of the healthy gastrointestinal 
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tract, and may be important in the relatively harsh extracellular environment of the 
stomach. 

Searches for GI proteins have met with some success. Complementary DNA 
(cDNA) sequences to messenger RNAs (mRNA) isolated from human and porcine 
5 stomach cells were described in the University of Chicago Ph.D. thesis "Characterization 
of a novel messenger RNA and immunochemical detection of its protein from porcine 
gastric mucosa," December 1987, by one of the present inventors working with the other 
inventors. However, there were several cDNA sequencing errors that led to significant 
amino acid changes from the AMP- 18 protein disclosed herein. The protein itself was 

10 isolated and purified only as an aspect of the present invention, and functional analyses 
were performed to determine utility. Nucleic acid sequences were sought. 
SUMMARY OF THE INVENTION 

A novel gene product designated Antrum Mucosal Protein 18 ("AMP- 18") is a 
gastrokine. The protein was discovered in cells of the stomach antrum mucosa by 

15 analysis of cDNA clones obtained from humans, pigs, and mice. The protein is a 
member of a group of cellular growth factors or cytokines, more specifically gastrokines. 
The AMP- 18 cDNA sequences predict a protein 185 amino acids in length for both pig 
and man. The nucleotide sequences also predict a 20-amino acid N-terminal signal 
sequence for secreted proteins. The cleavage of this N-terminal peptide from the 

20 precursor (preAMP- 1 8) was confirmed for the pig protein; this cleavage yields a secreted 
protein 165 amino acids in length and ca.18,000 Daltons (18kD) in size. Human and 
mouse genomic DNA sequences were also obtained and sequenced. A human genomic 
DNA was isolated in 4 overlapping fragments of sizes 1.6kb, 3kb, 3.3 kb and 1.1 kb 
respectively. The mouse genomic DNA sequence was isolated in a single BAC clone. 

25 The gastrokine designated AMP-1 8 protein is expressed at high levels in cells of 

the gastric antrum. The protein is barely detectable in the rest of the stomach or 
duodenum, and was not found, or was found in low levels, in other body tissues tested. 
AMP-1 8 is synthesized in lumenal surface mucosal cells, and is secreted together with 
mucin granules. 
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Compositions of AMP- 18 isolated from mouse and pig antrum tissue stimulate 
growth of confluent stomach, intestinal, and kidney epithelial cells in culture; human, 
monkey, dog and rat cells are also shown to respond. This mitogenic (growth 
stimulating) effect is inhibited by specific antisera (antibodies) to AMP-18, supporting 
5 the conclusion that AMP-18, or its products, e.g. peptides derived from the protein by 
isolation of segments of the protein or synthesis, is a growth factor. Indeed, certain 
synthetic peptides whose amino acid sequences represent a central region of the AMP-18 
protein also have growth-factor activity. The peptides also speed wound repair in tissue 
culture assays, indicating a stimulatory effect on cell migration, the process which 
10 mediates restitution of stomach mucosal injury. Thus, the protein and its active peptides 
are motogens. Unexpectedly, peptides derived from sub-domains of the parent molecule 
can inhibit the mitogenic effect of bioactive synthetic peptides and of the intact, natural 
protein present in stomach extracts. 

There are 3 activities of the gastrokine proteins and peptides of the present 
15 invention. The proteins are motogens because they stimulate cells to migrate. They are 
mitogens because they stimulate cell division. They function as cytoprotective agents 
because they maintain the integrity of the epithelium (as shown by the protection 
conferred on electrically resistant epithelial cell layers in tissue culture treated with 
damaging agents such as oxidants or non-steroidal anti-inflammatory drugs NSAIDs). 

20 The invention relates a group of isolated homologous cellular growth stimulating 

proteins designated gastrokines, that are produced by gastric epithelial cells and include 
the amino acid sequence VKEKA ^fe^ isolated protein of the 

group has an amino acid sequence as shown in FIG. 7. The protein present in pig gastric 
epithelia in a processed form lacking the 20 amino acids which constitute a signal peptide 

25 sequence, has 165 amino acids and an estimated molecular weight of approximately 
18kD as measured by polyacrylamide gel electophoresis. Signal peptides are cleaved 
after passage through endoplasmic reticulum (ER). The protein is capable of being 
secreted. The amino acid sequence shown in FIG. 3 was deduced from a human cDNA 
sequence. An embodiment of the protein is shown with an amino acid sequence as in 

30 FIG. 6, a sequence predicted from mouse RNA and DNA. 
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A growth stimulating (bioactive) peptide may be derived from a protein of the 
gastrokine group. Bioactive peptides rather than proteins are preferred for use because 
they are smaller, consequently the cost of synthesizing them is lower than for an entire 
protein. 

5 In addition, a modified peptide may be produced by the following method: 

(a) eliminating major protease sites in an unmodified peptide amino acid 
sequence by amino acid substitution or deletion; and/or 

(b) introducing into the modified amino acid analogs of amino acids in the 
unmodified peptide. 

ffi 10 An aspect of the invention is a synthetic growth stimulating peptide, having a 

m 

sequence of amino acids from positions 78 to 1 19 as shown in FIG. 3. 
3=1 Another peptide has a sequence of amino acids from position 97 to position 117 

yE as shown in FIG. 3. 

O Another peptide has a sequence of amino acids from position 97 to position 121 

Ki 15 as shown in FIG. 3. 

^ Another peptide has a sequence of amino acids from position 104 to position 117 

M as shown in FIG. 3. 

An embodiment of an isolated bioactive peptide has one of the following 
sequences: LDTMVKEQK^GKGPGGAPPKDLMY or KKLQGKGPGGPPPK. An 
20 embodiment of an inhibitor of a protein of the gastrokine group has the amino acid 
sequence KKTCIVHKMKK or KKEVMPSIQSLDALVKEKK. (see also Table 1) 

The invention also relates a pharmaceutical composition including at least a 
growth stimulating peptide. 

A pharmaceutical composition for the treatment of diseases associated with 
25 overgrowth of gastric epithelia, includes an inhibitor of a protein of the group of 
gastrokines or of a growth stimulating peptide derived from the gastrokine proteins. 

A pharmaceutical composition for the treatment of diseases of the colon and small 
intestine includes at least a growth stimulating peptide of the present invention. 
Examples of such diseases include ulcerative colitis and Crohn's Disease. 
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Antibodies to the protein product AMP- 18 encoded by the human cDNA 
expressed in bacteria were produced in rabbits; these antibodies reacted with 18kD 
antrum antigens of all mammalian species tested (human, pig, goat, sheep, rat- and 
mouse), providing a useful method to detect gastrokines. An antibody to a protein of the 
5 group recognizes an epitope within a peptide of the protein that includes an amino acid 
sequence from position 78 to position 1 19 as in FIG. 3. 

The invention is also directed to an isolated genomic DNA molecule with the 
nucleotide sequence of a human as shown in FIG. 1 and an isolated cDNA molecule 
encoding a human protein, that the nucleotide sequence as shown in FIG 2. 
10 Another aspect of the invention is an isolated DNA molecule having the genomic 

sequence found in DNA derived from a mouse, as shown in FIG. 4. 

Genomic DNA has value because it includes regulatory elements for gastric 
expression of genes, consequently, the regulatory elements can be isolated and used to 
express other gene sequences than gastrokines in gastric tissue. 
15 An aspect of the invention is a mouse with a targeted deletion in a nucleotide 

sequence in the mouse genome that, when expressed without the deletion, encodes a 
protein of the group of gastrokines of the present invention.. 

An aspect of the invention is a method of making a gastrokine protein or a peptide 
derived from a gastrokine protein. The method includes: 
20 (a) obtaining an isolated cDNA molecule with a sequence such as 

that shown in FIG. 2; 

(b) placing the molecule in a recombinant DNA expression vector; 

(c) transfecting a host cell with the recombinant DNA expression 
vector; 

25 (d) providing environmental conditions allowing the transfected host 

cell to produce a protein encoded by the cDNA molecule; and 
(e) purifying the protein from the host cell. 
Host cells in which expression has been successful include baculovirus, which 
allows large amounts of gastrokines to be provided for commercial and research uses. 
30 For example, human AMP- 18 protein without the signal peptide was produced. 
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An aspect of the invention is a method to stimulate growth of epithelial cells in 
the gastrointestinal tract of mammals. The method includes the steps of: 

(a) contacting the epithelial cells with a composition comprising a gastrokine 
protein or a peptide derived from a protein of the group; and 
5 (b) providing environmental conditions for stimulating growth of the 

epithelial ceils. 

A method to inhibit cellular growth stimulating activity of a protein of the group 
includes the steps of: 

(a) contacting the protein with an inhibitor; and 
10 (b) providing environmental conditions suitable for cellular growth 

stimulating activity of the protein. 
The inhibitor may be an antibody directed toward at least one epitope of the 
protein, e.g. an epitope with an amino acid sequence from position 78 to position 1 19 of 
the deduced amino acid sequence in FIG. 3 or an inhibitor peptide such as those in Table 
15 1. 

A method of testing the effects of different levels of expression of a protein on 
mammalian gastrointestinal tract epithelia, includes the steps of: 

(a) obtaining a mouse with an inactive or absent gastrokine protein; 

(b) determining the effects of a lack of the protein in the mouse; 
20 (c) administering increasing levels of the protein to the mouse; and 

(d) correlating changes in the gastrointestinal tract epithelia with the levels 
of the protein in the epithelia. 
Kits are contemplated that will use antibodies to gastrokines to measure their levels by 
quantitative immunology. Levels may be con-elated with disease states and treatment 
25 effects. 

A method to stimulate migration of epithelial cells after injury to the 
gastrointestinal tract of mammals, includes the steps of: 

(a) contacting the epithelial cells with a composition comprising a peptide 
derived from the protein; and 
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(b) providing environmental conditions allowing migration of the epithelial 

cells. 

A method for cytoprotection of damaged epithelial cells in the gastrointestinal 
tract of mammals, includes the following steps: 
5 (a) contacting the damaged epithelial cells with a composition including a 

protein of the gastrokine group or a peptide derived from the protein; and 
(b) providing environmental conditions allowing repair of the epithelial cells. 
The damaged cells may form an ulcer. 
5 BRIEF DESCRIPTION OF THE DRAWINGS 

]£t 10 FIG. 1 is a human genomic nucleotide sequence of a pre-gastrokine; sequence 

^ features were determined from cDNA and PCR of human genomic DNA amph-ge8.seq 

m Length: 7995 predicted promoter: 1405; exon 1: 1436-1490; exon 2: 4292-4345; exon 

3: 4434-4571; exon 4: 5668-5778; exon 5: 6709-6856; exon 6: 7525-7770; polyA site: 
|3 7751. 

lj 15 FIG. 2 is a human cDNA sequence; the DNA clone was obtained by differential 

=3 expression cloning from human gastric cDNA libraries. 

886 FIG. 3 is a human preAMP-18 protein sequence predicted from a cDNA clone 

based on Powell (1987) and revised by the present inventors; N-21 is the expected N- 
terminus of the mature protein. 
20 FIG. 4 is a mouse preAMP-18 sequence determined from RT-PCR of mRNA and 

PCR of BAC-clones of mouse genomic DNA sequences: 

predicted promoter: 1874 experimental transcription start site: 1906 translation 
initiation site: 1945 CDS 1: 1906-1956; CDS 2: 3532-3582; CDS 3: 3673-3813; CDS 4: 
4595-4705; CDS 5: 5608-5749; CDS 6: 6445-6542; polyA site: 6636. 
25 FIG. 5 is a mouse cDNA sequence for preAMP-18. 

FIG. 6 is mouse preAMP-18 amino acid sequence; RT-PCR performed on RNA 
isolated from mouse stomach antrum: _Y-21 is the predicted N-terminus of the mature 
protein; the spaces indicated by mean there are no nucleotides there to align with other 
sequences in FIG. II . 

30 FIG. 7 is a pig genomic DNA related to the cDNA expressing porcine AMP- 18. 
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FIG. 8 is the cDNA pig sequence of AMP-18. *Based on Powell (1987). D 21 
is the N-terminus of the mature protein - confirmed by sequencing of the protein isolated 
from pig stomach. 

FIG. 9 is pig pre-gastrokine (pre-AMP-18) protein sequence predicted from 
5 cDNA clone based on Powell (1987) D-21 is the N-terminus of the mature protein - 
confirmed by sequencing of the protein isolated from pig stomach. 

FIG. 10 is a comparison between the amino acid sequences of human versus pig 
pre-gastrokine. 

!s f FIG. 1 1 shows a computer-generated alignment comparison of human, pig and 

SB 10 mouse predicted protein sequences determined from sequencing of cDNA clones for 

\1 human and pig AMP-18, and by polymerase chain reaction of mouse RNA and DNA 

^ using preAMP-18 specific oligonucleotide primers; in each case the first 20 amino acids 

^ constitute the signal peptide, cleaved after passage through the endoplasmic reticulum 

P membrane. 

pjl 15 FIG. 12 shows the effect of porcine gastric antrum mucosal extract, human AMP 

;g peptide 77-97, and EGF on growth of gastric epithelial cells; AGS cells were grown in 

H DMEM containing fetal bovine serum (5%) in 60-mm dishes; different amounts of pig 

antrum extract, HPLC purified peptide 77-97, and/or EGF were added; four days later the 
cells were dispersed and counted with a hemocytometer; antrum extract and peptides 
20 each stimulated cell growth in a concentration-dependent manner; the bar graph shows 
that at saturating doses, peptide 77-97 (8//g/ml) or EGF (50ng/ml) was mitogenic; 
together they were additive suggesting that the two mitogens act using different receptors 
and/or signaling pathways; anti-AMP antibodies inhibited the antrum extract but did not 
inhibit peptide 77-97. 

25 FIG. 13 shows the structure of the human and mouse preAMP-18 genes; the 

number of base pairs in introns are shown above the bars; exons are indicated E1-E6 and 
introns 11-15; there are minor differences in intron length. 



30 
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DE TAILED DESCRIPTION OF THE INVENTION 

1 . General 

A novel gene product, a member of a group of gastrokines, was detected in 
mammalian gastric antrum mucosal by a differential screen of cDNA libraries obtained 
5 from different regions of the pig stomach. The cDNA sequence predicted a protein of 
185 amino acids including a signal peptide leader sequence. A cDNA was also isolated 
from a human library. The predicted amino acid sequence identity between pig and 
human in 76.3%. The sequences predicted a 20 amino acid signal peptide characteristic 
for secreted proteins. The cleavage of this N-terminal signal peptide was confirmed for 

10 the pig protein. Antibodies to the product of the human cDNA expressed in bacteria were 
raised in rabbits; these antibodies reacted with 18-20kD antrum antigens of all 
mammalian species tested (pig, goat, sheep, rat and mouse). In agreement with mRNA 
levels, the AMP- 18 protein is expressed at high levels only in the gastric antrum; it is 
barely detectable in the rest of the stomach or duodenum, and was not detected in a 

15 variety of other tissues tested. AMP- 18 is synthesized in the lumenal surface mucosal 
cells; immuno-electron microscopy locates AMP-18 in the secretion granules of these 
cells. Partially purified AMP-18 preparations from mouse and pig antrum tissue are 
mitogenic to confluent stomach and kidney epithelial cells in culture; this effect is 
inhibited by the specific antisera, implying that AMP-18, or its products, is a growth 

20 factor. 

AMP-18 is likely secreted with the mucus and functions, perhaps as peptide 
derivatives, within the mucus gel to maintain epithelial integrity directly, and possibly 
to act against pathogens. In view of the growth factor activity observed on epithelial cell 
lines in culture, it is likely that AMP-18 or its peptide derivati ve(s) serves as an autocrine 

25 (and possible paracrine) factor for the gastric epithelium. The function of AMP-18 may 
not be simply as a mitogen, but in addition it may act as differentiation factor providing 
the signals for replenishment of the mature lumenal surface cells. The AMP-18 protein 
or its derivatives are likely important to the normal maintenance of the highly dynamic 
gastric mucosa, as well as playing a critical role in the restitution of the antrum 

30 epithelium following damage. This protein has not been characterized in any publication, 
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however, related nucleic acid sequences have been reported as ESTs and as a similar full 
length gene. Limitations of EST data cannot yield information on starting sequences, 
signal peptides, or sequences in the protein responsible for bioacti vity, as disclosed in the 
present invention. A number of these ESTs have been reported for mammalian stomach 
5 cDNAs, but related ESTs have also been reported or pancreas and also pregnant uterus 
libraries. Although expression of AMP- 18 RNA in these other tissues appears to be low 
(as indicated for pancreas by PCR analysis), these results suggest that this growth factor 
may have broader developmental and physiological roles than that implied by the specific 
□ high levels of expression found for the stomach. 

m io The AMP-18 protein appears to be expressed at the surface of the cellular layers 

u of the gastrointestinal (GI) tract. The expressing cells may be releasing stored growth 

^ factor where needed - in the crypts and crevices of the GI tract where cellular repair is 

needed due to surface damage. 
j«* AMP-18 may act on the mucosal, apical surfaces of the epithelial cells , 

j;H 15 collaborating with prostaglandins and other growth factors that operate via basolateral 

cell surface receptors on the serosal side. The protein or its derivatives are likely 
\2 important for the normal maintenance of the highly dynamic gastric mucosa, in face of 

the mechanical stress and high acidity of the stomach. AMP-18 may play a critical role 

in the repair of the stomach epithelium following damage by agents such as alcohol, 
20 nonsteroidal anti-inflammatory drugs (NS AIDs), or pathogens, in particular Heliobacter 

pylori, which predominantly infects the antrum and is a causative agent of gastric ulcers 

and possibly cancers. 

2. Bioactivitv 

A synthetic peptide (42 amino acids, a "42-mer") representing a central region of 
25 the AMP-18 amino acid sequence also has growth factor activity, which is inhibited by 
specific antisera; some related shorter peptides also have stimulatory activity, while 
others can inhibit the activity of the 42-mer. This result suggests that a saturatable 
epithelial receptor exists for AMP-18, and opens direct avenues to analyzing the 
bioacti ve regions of the protein and identifying the putative receptor(s). Because AMP- 
30 1 8 does not resemble in structure any known cytokine or cytoprotectant protein (such as 
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the trefoil peptides), the analysis of the interactions of the protein, and its active and 
inhibitory related peptides, with cells offers the opportunity to reveal novel molecular 
interactions involved in cell growth control. 

BSC-1 cell growth was stimulated by gel-fractionated porcine antrum extract; 

5 porcine extract protein (250Mg) was loaded into each of 2 lanes and subjected to 
electrophoresis in a polyacrylamide gel (12.5%); the 5 thin slices (2-3 mm) from each 
area between M r 14 kDa and 21 .5 kDa were cut from the experimental lanes. Each pair 
of slices was placed in a silanized microfuge tube with 200^1 sterile PBS, 3% 
acetonitrule and 1% BSA, and macerated; proteins were eluted from the gel for 18 hr at 

10 22 °C with vigorous shaking; the samples were then microcentrifuged and a sample of a 
supernatant was added to a confluent culture of BSC-1 cells; the number of cells was 
counted 4 days later; maximal growth stimulation was observed in cultures receiving 
extracts eluted from gel slices corresponding to a M r of ~ 1 8 kDa; antisera to recombinant 
human AMP- 18 added to the culture medium completely inhibited growth stimulation 

15 by the 18 kDa fraction (+Ab); values are means of 2 cultures; SE is less than 10% of the 
mean. 

The biological activity (mitogenic for epithelial cells in the gastro-intestinal tract) 
of the AMP- 18 is located in the C-terminal half of the protein. The epitopic sequence(s) 
appear(s) to be immediately N-terminal to the mitogenic sequence. 

20 The biological activity that is a growth factor, is exhibited by a peptide 

comprising at least 42 amino acids from positions 78 to 119 of the full-length protein 
sequence. An antibody to this region blocked mitogenic activity. Although a peptide 
having an amino acid sequence of 104 to 1 17 had mitogenic activity, an antibody to this 
region did not block (inhibit) the activity. A peptide with an amino acid sequence from 

25 positions 97 - 1 17 has the same mitogenic activity as a peptide with the 42 amino acid 
sequence, but is less expensive to produce as a synthetic peptide. 
3. Inhibition of Bioactivitv 

Epithelial cell growth that was stimulated by murine or porcine antrum cell 
extract was blocked by rabbit antiserum to a complete, recombinant human AMP- 18 

30 precursor protein; confluent cultures of BSC-1 cells were prepared; murine or porcine 
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antrum cell extract was prepared and its protein concentration was measured; cell extracts 
alone and with different dilutions of the antiserum, or antiserum alone (1:100 dilution 
was added to the culture medium, and the number of cells was counted 4 days later). 
Growth stimulation by murine antrum gastrokines was maximally inhibited by the 

5 antiserum (93%) at a dilution of 1 :400, whereas stimulation by the porcine antrum protein 
extract was totally inhibited at a dilution of 1:100. Scored values were means for 3 
cultures; standard error of the mean (SE) was less than 10% of the mean. 

Antibodies to the AMP- 18 protein have diagnostic uses to determine different 
levels of the protein in the gastro-intestinal tract in vivo. Ulcers are likely to develop if 

10 less than normal levels of AMP-18 protein are present. Normal values are determined 
by technologies known to those of skill in the art, that is, obtaining representative 
samples of persons to be tested (age, sex, clinical condition categories) and applying 
standard techniques of protein quantitation. The effects of aspirin and indamethacin on 
AMP-18 levels are also useful to monitor deleterious levels of the drugs including the 

15 non-steroidal anti-inflammatory drugs (NSAIDs). Stomach cancer cell lines do not 
express the AMP-18 proteins at least by detection methods disclosed herein. 

4. Genomic DNA 

Genomic AMP-18 DNA sequences have been cloned for human and mouse as a 
prelude to the analysis of the gene regulatory elements, which presumably determine the 

20 great differences in the levels of expression of the gene in tissues where the gene may be 
active. Upstream and downstream flanking sequences have been isolated from mouse 
genomic DNA preparatory to a gene knockout. The flanking genomic sequences likely 
determine the very different levels of expression of the gene in the stomach and few other 
tissues where it may be expressed. With the involvement of different regulatory elements, 

25 gastrokine genes could be expressed as a growth factor in other tissues. 

5. Uses of Gastrokines of the Present Invention 

Because the AMP-18 protein and certain peptides derived from it can stimulate 
growth and wound repair by stomach and intestinal epithelial cells (as well as kidney) 
these gastrokine molecules are candidates for therapeutic agents to speed recovery of the 
30 injured GI tract following pharmacological interventions, radiotherapy, or surgery. In 
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addition, the antibodies developed to gastrokines may be used in kits to measure the 
levels of AMP- 18 protein or peptide in tissue of blood in diverse pathological states. 
These novel molecules have great therapeutic potential in the treatment of gastric ulcers, 
and inflammatory bowel disease, whereas new agents that inhibit its function could prove 
5 useful in the treatment of cancers of the GI tract. 

The stomach is not a congenial location for many bacteria, and those that can 
survive the acidity do not establish themselves there (Rotimi et al , 1990). It is of interest 
therefore that the antrum region is the favored site for the attachment, penetration and 
cytolytic effects of Helicobacter pylori, an agent which infects a major proportion of the 
10 human population (>60% by the seventh decade) and has been associated with gastritis, 
gastric and duodenal ulcers (Goodwin et al, 1986; Blaser, 1987) and gastric 
adenocarcinomas (Nomura etal, 1991; Parsonnet etal., 1991). Thus as an epithelial cell 
growth factor, AMP-18 may act to ameliorate the damage caused by bacterial infiltration 
and cytolysis. Given the conjunction of the specific antrum expression of AMP-18 and 
15 the preferred site of binding of H. pylori, it is possible that the bacteria use AMP-18 as 
a tropic factor. H. pylori attaches to cells of the antrum having fucose-containing mucin 
granules (Falk et al, 1993; Baczako et al, 1995). These granules also may contain 
AMP-18. Anti-microbial peptides have been found in the stomach of the amphibian 
Xenopus laevis (Moore et al, 1991). Some domains of the AMP-18 structure resemble 
20 that of the magainins, and possibly AMP-18 interacts with enteric bacteria. 
6. Isolation of Pie AMP-18 

Antisera against human AMP-18 protein were used to assist in the purification 
of the protein from extracts of pig antrum mucosa. Immnoaffinity methods applied to 
total tissue extracts have not proven very effective, but by using immunoblots to monitor 
25 cell -fractionation, gradient centrifugal! on and gel electrophoresis sufficient amounts of 
the pig 18 kDa polypeptide was purified to confirm by sequencing that the native N- 
terminus is the one predicted by cleavage of 20 amino acids from the N-terminus of the 
ORF precisely at the alanine-aspartate site anticipated for signal peptide removal. 
Despite the abundance of asparagine residues in the mature protein, none fit the 
30 consensus context characteristic of glycosylation. Fairly extensive regions of the protein 
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may possess amphipathic helix forming propensity. The latter may represent units within 
the protein yielding bioactive peptides after processing. Using circular dichroism the 
synthetic peptide representing amino acids 126-143 in the human preAMP sequence 
(FIG. 3) is readily induced to become helical in moderate concentrations of 
5 trifluoroethanol conditions used to assess helix propensity for some bioactive peptides, 
including anti-microbial peptides of the magainin type (see, for example, Park et al, 
1997). 

MATERIALS AND METHODS 

1. Isolation of Antrum-Specific cDNA Clones 

10 cDNA clones for the gastrointestinal (GI) peptide gastrin, which regulates gastric 

acid secretion as well as mucosal and pancreatic cell growth (Yoo et ai, 1982) were 
isolated. From these screens several other mRNAs expressed relatively specifically in 
the antrum of the stomach were found. The open reading frame (ORF) in one of these 
RNAs was highly conserved between pig and man, and predicted a novel conserved 

15 protein of no immediately apparent function. Using specific antibodies, it was shown 
that similar protein species are present in the stomach antrum mucosa of all mammals 
tested. There is tissue specificity of expression of these sequences and they are 
apparently ubiquitously present in the antrum mucosa of mammalian species. 

2. RNA Expression 

20 The isolation of the cDNA clones was predicted on a preferential expression in 

the mucosa of the stomach antrum and this has been confirmed initially by Northern blot 
hybridization of RNAs from various tissues probed with the cDNA sequences and 
subsequently by protein analysis. The Northern blots showed the specificity of mRNA 
expression within the gastrointestinal tract of the pig. Highest mRNA expression was in 

25 the antrum mucosa, variable amounts in the adjacent corpus mucosa and undetectable 
levels in fundus, esophagus and duodenum. The non-mucosal tissue of the antrum and 
corpus contained little RNA reacting with the cDNA probe. 

3. Antibodies to Expressed Protein 

The open reading frames (ORFs) of the human and pig cDNA clones predict very 
30 similar relatively low molecular weight (MW) proteins, which have no close homologs 
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to known proteins in the computer databases and therefore give little indication of 
possible function. As an approach to study the biological role of the presumptive 
proteins, the full cDNA sequences were expressed in E. coli, using a vector that also 
encoded an N-terminal His6-tag. Unfortunately, as expressed in bacteria the polypeptide 

5 products are insoluble and not readily amenable to biochemical studies. However, the 
bacterial product of the human cDNA was separated on sodium dodecyl sulfate (SDS) 
trels used as an immunoeen in rabbits to elicit antisera. The sera were screened against 
protein extracts of antral tissue from a number of mammalian species. This procedure 
has successfully produced several high-titer, low background antisera capable of 

10 recognizing both the immunogen and proteins of about 18 kDa expressed in the antrum 
of the mammals tested. The bacterially-expressed protein migrates more slowly because 
it contains the signal peptide sequence was well as a His6-tag. The preimmune sera 
showed no significant 18 kDa reactivity. The cross-reactivity of the antisera raised 
against the protein expressed from the human cDNA clone with proteins of very similar 

15 MW in antrum extracts from a variety of mammals (pig, goat, sheep, rat and mouse; the 
last consistently migrates slightly more rapidly in SDS gels) supports the level of 
conservation of amino acid sequence predicted by comparison of the ORFs of the human 
and pig cDNAs (See FIG. 11). In subsequent experiments, human AMP- 18 with a signal 
peptide was produced in bacteria. 

20 The preimmune sera give insignificant reactions on Western blots of all tissue 

extracts, while the two immune sera (at up to 1:50000 dilution) both give major bands 
of 18-20 kDa only, and those only in stomach antrum extracts, and to a lesser degree in 
the adjacent corpus extracts. The sera were raised against bacterially-expressed protein 
so there is no possibility of other exogenous immunogens of animal origin. 

25 As determined by immunoblots, the specificity of expression to the antrum is 

even greater than the Northern blots would suggest, and the strength of the signal from 
antrum extracts implies a relatively high abundance of the protein, although quantitative 
estimates were not made. Significant antigen was not detected in non-stomach tissues 
tested. 
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The immunohistocheinistry showed insignificant staining of antral tissue by both 
preimmune sera, while both immune sera stained the surface mucosal cells very strongly 
at considerable dilutions. The preimmune sera did not lead to immunogold staining in 
the immunoelectron microscope study. The growth factor activity of antrum extracts is 
5 inhibited by both immune, but not preimmune sera. Finally, the results with a synthetic 
peptide, which has growth factor activity, is inhibited by the immune but not the 
preimmune sera, and carries epitopes recognized by the immune but not the preimmune 
sera, further validate the specificity of these reagents. 
3 4. Northern Blot Hybridization of RNAs From Pig Gut Mucosal Tissues 

53 10 Total RNA was electrophoresed, transferred to a membrane and hybridized with 

a labeled pig AMP- 18 cDNA probe. The source of the RNA sample for each lane was: 
1. Distal duodenum; 2. Proximal duodenum; 3. Antrum; 4. Adjacent corpus; 5. 
Fundus; 6. Esophagus. Equal amounts of RNA were loaded. The signal from RNA of 
the antrum adjacent corpus was variable. Size markers (nucleotides) were run on the 
15 same gel for comparison. 

5. Immunoblots Using A Rabbit Antiserum Raised Against the Bacterial- 
Expressed Protein Directed By the Human Antrum-Specific cDNA Clone 
Whole tissue proteins were dissolved in SDS buffer, electrophoresed, and 
transferred to membranes that were reacted with immune serum (1:50000). Bound 
20 antibody molecules were detected using peroxidase-labeled anti-rabbit antibody. 
Preimmune serum gave no specific staining of parallel blots at 1:200 dilution. Lanes: 
1,6,13,17 contained markers. 2 HeLa cells. 3 mouse TLT cells. 4 expressed human 
protein + HELA cells. 7 mouse corpus. 8 mouse antrum. 9 mouse duodenum. 
10 mouse intestine. 11 mouse liver. 12 expressed human protein + TLT cells. 
25 14 mouse antrum. 15 mouse brain. 16 mouse Kidney. 18 pig antrum. 19 mouse antrum. 

Immunoblots of high percentage acrylamide gels showed that the antisera 
recognized epitopes on the synthetic peptide 78- 1 19. The reaction of peptide 78- 1 19 with 
the antibodies was not unexpected because this region of the sequence was predicted to 
be exposed on the surface of the protein and to be antigenic. Not only does this further 
30 substantiate a belief that AMP-18 or its immediate precursor, is a growth factor, for 
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epithelial cells, but also provides a basis for analysis of the bioactive (and antigenic) 
regions of AMP- 18, and a tool for the assessment of cell receptor number and identity. 
Chemical synthesis of peptides also makes available a convenient and rapid source of 
considerable quantities of pure "wild-type" and "mutant" reagents for further cell studies. 
5 The synthetic peptide 78-119 apparently acts by the same mechanism as the antrum 
protein, because their maximal effects are not additive. 

6. Sequence and Predicted Structure of the Pre-AMP Open Reading Frame 

The predicted amino acid sequences for human and pig are 76% identical. The 
predicted signal peptides are not bold; the N-terminus of native pig AMP has been shown 
10 to be aspartate (FIG . 11). 

7. Structure of the Native Protein 

The ORF's of the human and pig cDNAs predicted polypeptides of similar 
general structure (FIG. 11). The predicted molecular weights for the otherwise 
unmodified human and pig proteins was 18.3 and 18.0 respectively; these values are in 

15 good agreement with electrophoretic mobility in SDS the of antrum proteins reacting 
with the antisera of the present invention. 

The antisera was used to assist in the purification of the protein from extracts of 
pig antrum mucosa. Immnoaffinity methods applied to total tissue extracts have not 
proven very effective, but by using immunoblots to monitor cell-fractionation, gradient 

20 centrifugation and gel electrophoresis sufficient amounts of the pig 18 kDa polypeptide 
was purified to confirm by sequencing that the native N-terminus is one predicted by 
cleavage of about 20 amino acids from the N-terminus of the ORF precisely at the 
alanine-aspartate site anticipated for signal peptide removal. Despite the abundance of 
asparagine residues, none fit the consensus context for glycosylation. Fairly extensive 

25 regions which may possess amphipathic helix forming propensity. The latter may 
represent units within the protein or as peptides after processing. Using circular 
dichroism the synthetic peptide representing amino acids 126-143 in the human preAMP 
sequence (FIG. 3) is readily induced to become helical in moderate concentrations of 
trifuoroethanol conditions used to assess helix propensity for some bioactive peptides, 
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including anti-microbial peptides of the magainin type (see for example Park et al., 
1997). 

8. Localization of AMP-18 

The antisera to AMP-18 have proven to be excellent histochemical probes, 
5 reacting strongly with sections of the mouse antrum region but not with the fundus, 
duodenum or intestine, confirming the results of the immunoblots. The preimmune sera 
give negligible reactions even at much higher concentration. The AMP-18 protein 
appears to be concentrated in mucosal epithelial cells lining the stomach lumen, although 
O lesser signals in cells deeper in the tissue and along the upper crypt regions suggest that 

jjva 10 cells may begin to express the protein as they migrate toward the lumenal layer. Higher 

\* magnification of the histochemical preparations indicates only a general cytoplasmic 

^ staining at this level of resolution; there are some patches of intense staining that may be 

iff! the light microscope equivalent of granule-packed regions of some lumenal surface cells 

ri seen by electron microscopy (EM). The localization of AMP-18 in the antrum mucosa 

15 is therefore very different from those cells synthesizing gastrin which are deep in the 
yy mucosal layer. 

9. Immunoelectron microscope localization of the AMP-18 antigens in the 
mouse stomach antrum mucosal cells 

The tissue pieces were fixed in 4% formaldehyde and processed for embedding 
20 in Unicryl. Thin sections were reacted with rabbit anti-human AMP-18 antisera (1 :200); 
bound antibodies detected by Protein-A conjugated to lOnm colloidal gold. The reacted 
sections were stained with lead citrate before viewing (20,000x). The gold particles are 
visible over the semi-translucent secretion granules, which appear much more translucent 
here than in the standard glutaraldehyde-osmium-epon procedure (1 l,400x) because of 
25 the requirements for immuno-reactivity. Negligible background was seen on other 
cytoplasmic structures. 

The general structure of the protein implies a possible secretory role so a precise 
intracellular localization would be valuable. This requires EM immuno-cytochemical 
procedures. Standard embedding and staining methods reveal that, as previously reported 
30 by many others, the antrum region (e.g. Johnson and McMinn, 1970) contains mucosal 
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epithelial cells which are very rich in secretory granules. Preliminary immuno-EM data 
show the immune sera used at 1:200-1:800 dilution react specifically with the secretion 
granules. The latter appear somewhat swollen and less electron opaque than in standard 
fixation conditions and the differences in density are harder to discern, but overall the cell 
5 structure is quite well-preserved for stomach tissue fixed and embedded under the less 
stringent conditions required to preserve immuno-reactivity. At 1:100 dilution, the 
preimmune sera exhibited negligible backgrounds with no preference for the secretion 
granules. 

10. Growth Factor Activity on Epithelial Cell Cultures. 

10 A possible function for AMP- 18 is that it is a growth factor at least partly 

responsible for the maintenance of a functional mucosal epithelium in the pyloric antrum 
and possibly elsewhere in the stomach. Initially, stomach epithelial cell lines were not 
immediately available, but kidney epithelial cell systems (Kartha et aL, 1992; Aithal et 
ai, 1994;Lieske<?ra/., 1994) were used. A fractionated antrum mucosal cell extract was 

1 5 used for these experiments. Using immunoblotting as a probe to follow fractionation, on 
lysis of the mucosal cells scraped from either pig or mouse antrum, the AMP- 18 antigen 
was recovered in the 35S fraction on sucrose density gradients. Such high speed 
supernatant fractions served as the starting material for studies on cell growth. 
Unexpectedly, these extracts stimulated a 50% increase in confluent renal epithelial cells 

20 of monkey (BSC-1 cells), but had no effect on HeLa or WI-38 fibroblast cells. The 
stimulation of BSC-1 cells was at least as effective as that observed with diverse 
polypeptide mitogens, including EGF, IGF-I, aFGF, bFGF and vasopressin, assayed at 
their optimal concentrations. Comparable growth stimulation by the antrum extracts was 
observed when DNA synthesis was assessed by measuring [ 3 H]thymidine incorporation 

25 into acid-insoluble material. The biological activity of the antrum extracts survived 
heating for 5 minutes at 65°C, and dialysis using a membrane with M r cutoff of 10 kDa, 
which would eliminate most oligopeptides; this treatment removes 60-70% of 
polypeptide material, but spared AMP-1 8 as assayed by immunoblots. More importantly, 
mitogenic stimulation of BSC-1 cells by the mouse or pig antrum extract was inhibited 

30 when either of two different antisera to the human recombinant preAMP-18 (expressed 
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in bacteria) was added to the culture medium. Preimmune sera (1:100 to 1:800) had no 
effect on cell growth, nor did they alter the mitogenic effect of the antrum extracts. These 
observations suggest that gastric mucosal cell AMP- 18 functions as a potent mitogen for 
kidney epithelial cells, which do not normally express this protein. 

5 To gain further evidence that the growth-promoting activity in the partially 

fractionated antrum extracts was mediated by the AMP- 18 protein, an aliquot of the 
mouse extract was subjected to SDS-polyacrylamide gel electrophoresis; the method used 
previously to determine the N-terminal sequence of the natural protein. The gel was cut 
into 2-mm slices and each slice was extracted with 3% acetonitrile in phosphate-buffered 

10 saline containing 1 % BS A. The extract supematants were assayed for mitogenic activity. 
The results indicated that one slice containing protein in the 16-19 kDa range possessed 
growth-promoting activity. Significantly, this growth response was blocked by the 
immune but not the pre-immune sera. Taken together with the relatively low 
sedimentation rate of the protein, these findings provide additional evidence to support 

15 the conclusion that AMP-18 is an epithelial cell mitogen and that it functions as a 
monomer or possibly a homotypic dimer. It also implies that the structure of the protein 
is such that it can readily reacquire a native conformation after the denaturing conditions 
of SDS-gel electrophoresis. 

To assess the interaction of the antrum growth factor activity with other cytokines, 

20 its activity was tested to determine if it was additive with EGF in epithelial cell cultures. 
EGF (50 ng/ml) added with untreated mouse antrum extract (10 /xg/ml), or heated, 
dialyzed pig extract (10 )Ug/ml) exhibited additive stimulation of mitogenesis; up to 74% 
increase in cell number above the quiescent level; the greatest stimulation observed so 
far for any factor using the BSC-1 cell assay. An example of this additivity is shown for 

25 an AMP-peptide and EGF on AGS cells in FIG. 12. This observation suggests that AMP- 
18 and EGF initiate proliferation by acting on different cell surface receptors. It also 
implies that AMP-18 growth factor activity might normally collaborate with other 
autocrine and paracrine factors in the maintenance or restitution of the epithelium. In 
view of the results with EGF, it is likely that AMP-18 is secreted at and acts upon the 
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10 



apical face (i.e., stomach lumenal face) of the epithelial cell layer while other factors (for 
which EGF may serve as an example) act from the basal surface. 
11. Bioactivity of Gastrokine (AMP-18) Related Peptides. 

The activities of synthetic peptides of the present invention are unexpected. 
Peptides based on the ORF of the human cDNA clone peptides were synthesized in the 
University of Chicago Cancer Center Peptide Core Facility, which checks the sequence 
and mass spectra of the products. The peptides were further purified by HPLC. Five 
relatively large oligopeptides (of about 40 amino acids each) approximately spanning the 
length of the protein without including the signal peptide, were analyzed. One peptide 
42 amino acids long spanning amino acids lys-78 to leu-1 19 of the pre- AMP sequence 
(peptide 58-99 of the matured form of the protein; see Table 1), including a predicted 
helix and glycine-proline (GP) turns, gave good mitogenic activity. This response was 
blocked by the specific antiserum, but not by the preimmune sera. 
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TABLE 1: BIOACTIVITY OF SYNTHETIC PEPTIDES BASED ON THE SEQUENCE OF 
GASTROKINE (AMP-18) 



Name of 





5 


Peptide, 
Sequence 










in Human 


#AA 


AMINO ACID SEQUENCE K 1/2 ,/^M 




10 


78-119 


42 


KKTCIVHKMKKEVMPSIQSLDALVKEKKLQGKGPGGPPPKGL 0 . 3 






78-88 


11 


KKTCIVHKMKK Inactive 






87-105 


19 


KKEVMPSIQSLDALVKEKK Inactive 






104-117 


14 


KKLQGKGPGGPPPK 0 . 8 


■1 - 


15 


104-111 


18 


KKLQGKGPGGPPPKGLMY 1 . 0 






97-117 


21 


LDALVKEKKLQGKGPGGPPPK 0 . 3 






97-117** 


21 


GKPLGQPGKVPKLDGKEPLAK Inactive 


in 




97-121 


25 


LDALVKEKKLQGKGPGGPPPKGLMY 0 . 2 






109-117 


9 


KGPGGPPPK 2 . 5 




20 


104-109 


6 


KKLQGK 7 . 4 






110-113 


4 


GPGG Inactive 






mouse 










97-119 


23 


LDTMVKEQK . . GKGPGGAPPKDLMY 0 . 2 



25 



30 



35 



Table 1: Analysis of mitogenic peptides derived from the human and 
mouse gastrokine (AMP-18) sequence. A 14 amino acid mitogenic 
domain is in bold type. ^Peptides are identified by their position 
in the amino acid sequence of the pre-gas trokine (preAMP-18). 
#AA; number of amino acids in a peptide. K 1/2 ; concentration for 
half -maximal growth stimulation. 

Overlapping inactive peptides can inhibit the activity of the 
mitogenic peptides: that is, human peptides 78-88 and 87-105 block 
the activity of peptide 78-119, and while peptide 87-105 blocks the 
activity of peptide 104-117, the peptide 78-88 does not. Peptides 
78-88 and 87-105 block the activity of the protein in stomach 
extracts . 
* ^scrambled 



40 
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12. The Growth Stimulatory Domain of Gastrokine (AMP-18). 

Finding that a 42-amino acid peptide representing a central region of the 
novel antrum mucosal cell protein AMP-18 had mitogenic activity similar in 
character to that of the intact protein in pig and mouse antrum extracts (Table 1), 
5 has facilitated the characterization of the bio-active region of the molecule. A 
peptide including amino acids at positions 78- 1 19, gave similar maximal stimulation 
of growth of the BSC-1 epithelial cell line to that given by the tissue extracts and 
was similarly inhibited by several different antisera raised in rabbits to the 
bacterial ly-expressed complete antrum protein. The mitogenic activity of a number 

1 0 of synthetic "deletion" peptides related to peptide '78- 1 19" are summarized in Table 
1. Growth activity determinations have so far been accomplished with the kidney 
epithelial cell line as well as several gastric and intestinal lines. 

The original 42 amino acid sequence of peptide 78- 1 19 was broken into three 
segments bounded by lysine (K) residues; N-terminal to C-terminal these are 

15 peptides with amino acids at positions 78-88, 87-105 and 104-117. Of these only 
peptide 104-117 possessed mitogenic activity giving a similar plateau of growth 
stimulation but requiring a higher molar concentration than the original peptide "78- 
119"; this is reflected in the higher K 1/2 value, which suggests that 14-amino acid 
peptide has 30-40% of the activity of the 42-amino acid peptide. A conclusion from 

20 this is that the smaller peptide has less binding affinity for a cell receptor, perhaps 
due to a lessened ability to form the correct conformation, or alternatively because 
of the loss of ancillary binding regions. The latter notion is supported by the 
observations that peptides "78-88" and "87-105" can antagonize the activity of intact 
42-mer peptide 78-119; these peptides also antagonize the activity of antrum extracts 

25 further supporting the validity of synthetic peptides as a means to analyze the 
biological function of the novel protein. An additional aspect of the invention is that 
peptide 87-105, but NOT 68-88, antagonizes the activity of peptide 104-117; note 
that peptide 87-105 overlaps the adjacent 104-117 sequence by two residues. 

Taken together these results suggest a relatively simple linear model for the 

30 growth-stimulatory region of AMP-18; viz, there is an N-terminal extended binding 
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domain (predicted to be largely helix, the relative rigidity of which may explain the 
linear organization of the relevant sequences as determined in the cell growth 
studies), followed by a region high in glycine and proline with no predicted structure 
beyond the likelihood of turns. It is this latter region which contains the trigger for 
growth stimulation. The specificity of antagonism by peptides 78-88 and 87-105 
may be based on whether they overlap or not the agonist peptides 78-1 19 and 104- 
117; for example 78-88 overlaps and inhibits 78-1 19, but does not overlap or inhibit 
104-117. The specificity of competition by these peptides taken with the inactivity 
of the 78-119 scrambled peptide, strengthens a conclusion that AMP- 18 interacts 
with specific cellular components. Further evidence that the receptor binding region 
extends N-terminally from peptide 104-1 17 is provided by the enhanced activity of 
peptide 97-1 17 which contains a seven amino acid N-terminal extension of 104-1 17. 
A peptide with a four amino acid extension in the C-terminal direction (peptide 104- 
121) appears to have slightly less activity to the parent 104-1 17, but does include a 
natural tyrosine, which makes possible labeling with radioactive iodine, which 
allows determination of the binding of AMP-related peptides to cells, initially by 
assessment of number of binding sites and subsequently detection of the receptor 
protein(s). 

The peptide 97-107 was used for most tests because of its activity (equal to 
the 42-mer) and its relative economy (21 amino acids in length). However, a C- 
terminal extension to the tyr-121 gives the most active peptide thus far, perhaps 
because it stabilizes secondary structure. Even though this peptide does not match 
the nanomolar activity of EGF, for example, it is much more potent than reported 
for trefoil peptides (Podolsky, 1997). An estimate for the activity the intact AMP 
protein is ca. 1-10 nM. 

13. Expression of Recombinant Protein 

(a) E. coli. Recombinant constructs are generally engineered by polymerase- 
chain-reactions using synthetic oligonucleotides complementary to the appropriate 
regions of the full-length cDNA sequences within the PT/CEBP vector and extended 
by convenient restriction enzyme sites to enable ready insertion into standard vector 
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polylinkers. The initial experiments with expression of the AMP ORF in bacterial 
systems employed an expression vector PT/CEBP, which included an N-terminal 
His6-tag (Jeon et aL, 1994), intended to facilitate the purification of the expressed 
protein on Ni-NTA resin (Qiagen). Expression of the full-length human cDNA 
5 within this vector in the host BL2 1 (DE3)pLyS gave good yields of insoluble protein, 
which after electrophoresis under denaturing conditions was suitable for use as an 
immunogen in rabbits to obtain specific high-titer antibodies, but which has not been 
useful for analysis of the protein's native structure and function. This insolubility 
O is most probably due to the presence of an unnatural N-terminus, having a His6-tag 

m 10 upstream of hydrophobic signal peptide, in the expressed protein. Engineering 

vectors which will express the ORF without the hydrophobic signal peptide 
[y_ sequence are also useful. These are constructed using bacterial expression vectors 

uTl with and without N- or C-terminal His-tags. The human AMP- 18 sequence lacking 

the 20 amino acid signal peptide and containing a His6-tag was also expressed in 
;r! 15 bacteria. 

kQ (b) Pichia pastoris. Among the simple eukaryotes, the budding yeast P. 

H pastoris is gaining wide popularity as an expression system of choice for production 

and secretion of functional recombinant proteins (Romanos et aL, 1992; Cregg et aL , 
1993). In this system, secretion of the foreign protein may utilize either its own 

20 signal peptide or the highly compatible yeast mating-type alpha signal. This 
organism wi 11 correctly process and secrete and at least partially modify the AMP- 1 8 
protein. Vectors for constitutive and regulated expression of foreign genes are 
developed in Pichia (Sears et aL, 1998). In addition to a poly-linker cloning site, 
these vectors contain either the high expression constitutive glyceraldehyde-3- 

25 phosphate dehydrogenase (GAP) or the methanol-regulated alcohol oxidase 
promoter (AOX1). The latter is an extremely stringent promoter yielding 
insignificant product in normal culture conditions while giving the highest 
expression of the vectors tested in the presence of methanol, amounting to as much 
as 30% of the cell protein. The advantage that the yeast Pichia has over the 

30 mammalian and insect alternatives is that it is continuously grown in protein-free 
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media, thus simplifying the purification of the expressed protein and eliminating 
extraneous bioactivities originating in the serum or the host animal cells. A pIB4 
construct (inducible by methanol-containing medium) contains the complete human 
preAMP-18 cDNA sequence. 
5 (c) Baculovirus/Insect cells. An alternative, frequently successful, non- 

mammalian eukaryotic expression system is that using recombinant Baculovirus, 
such as Autographa calif arnica, in an insect cell culture system. As with Pichia, a 
large repertoire of convenient vectors are available in this system, containing both 
P glutathione S-transferase (GST)-and His6-tags (Pharmingen). Transfections are 

jS 10 earned out into Spodopterafrugiperda (Sf) cells; these cells can be slowly adapted 

ijf to protein-free medium to favor the purification of secreted proteins. If an 

endogenous signal peptide does not function in these cells, secretion of foreign 
ffl proteins can also be forced using vectors containing the viral gp67 secretion signal 

pj upstream of the cloning site. Recombinant proteins can be expressed at levels 

\** s 15 ranging from 0. 1-50% total cell protein. Some protein modifications may be more 

~iy favored in this insect cell system relative to yeast, but still may not duplicate the 

72 mammalian system. It appears that the insect expression system would be somewhat 

more onerous than Pichia, and not entirely substitute for expression in mammalian 
cells. The human AMP- 18 sequence lacking the 20 amino acid signal peptide and 
20 containing a His6-tag was expressed in Baculovirus. 

(d) Mammalian cells. Modifications not detectable by immunoblot analysis 
may take place in mammalian cells that are not duplicated in cells of other 
eukaryotes. Although not as convenient as prokaryotic and simple eukaryotic 
systems, mammalian cells are now frequently used for both transient and continuous 
25 expression of foreign proteins. Several growth factors have been expressed and 
secreted in significant amounts using these systems. 

The plasmid pcDNA3/human kidney 293 system: pcDNA3 contains a 
polylinker cloning site flanked by the strong constitutive cytomegalovirus (CMV) 
promoter and a SV40 polyA signal (Invitrogen). Laboratory experience is that 60- 
30 90% transient transfection levels can be achieved. To this end, PCR amplification 
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of the human preAMP cDNA clone is performed with oligonucleotides that contain 
the initiation codon and native ribosome binding site (Kozak sequence) as well as 
suitable restriction enzyme linkers for correct orientation into pcDNA3. Favorable 
constructs were identified in the transient assay using the potent antibiotic blasticidin 
5 S and a vector containing the resistance gene, stable mammalian transfectant cell 
lines can be established "in less than one week" (Invitrogen). The available vectors 
also include the constitutive CMV promoter, a polylinker cloning site, an elective 
V5-epitope/His6-tag and the SV40 poly(A) signal (PcDNA6/V5-His). 
14. Expression and Analysis of Altered (Modified) Forms of AMP-18 
10 Given an efficient expression system for the production of "wild-type" AMP- 

M 18, a series of mutant proteins, containing either deletions or substitutions may be 

^1 created, which will permit analysis of the functional domains. The amphipathic 

l * 1 helices, the conserved cystine (C) residues and the basic amino acids doublets, 

Q which may be cleavage sites, are attractive targets. Although not as simple as an 

ril 15 enzyme assay, the mitogenesis assay is routine and replicable, and would enable 

^ "mutants" to be characterized as fast as they are constructed. Dominant negative (or 

y* positive) "mutants" will be as significant as mutations exhibiting simple loss of 

function, because these will imply interactions with other factors including possible 
cell receptors. 

20 15. Biochemical and Immunoaffinity Fractionation of Expressed and Native 
Gastrokine Proteins 

In the case of some of the expressed forms of gastrokine AMP-18, the 
recombinant protein will contain peptide tags that will permit the rapid purification 
of soluble protein. The presence of these tags, if they do not severely interfere with 

25 the protein's normal functions, will also permit analysis of interactions with other 
relevant macromolecules. His6-tags permit purification by binding the recombinant 
proteins to Ni-NTA resin beads (Janknecht etaL, 1991 ; Ni-NTA resin from Qiagen). 
The tagged protein is bound with greater affinity than most antigen-antibody 
complexes and can be washed rigorously before the Nj 2+ -histidine chelation 

30 complex is disrupted by excess imidazole to release the purified protein. GST- 
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tagged recombinant proteins are purified on glutathione-agarose, washed and then 
eluted with reduced glutathione (Smith and Johnson, 1988). As with all the 
proposed expression systems, each protein preparation may be tested at the earliest 
possible stage for its growth factor activity. 
5 Conventional fractionation procedures are used to achieve the desired purity, 

particularly in the case of the isolation of the natural protein from tissue. Pig antrum 
mucosa is a preferred starting point for the latter, using initial centrifugation and 
heat-treatment protocol, followed by a size-exclusion column: BioGel P60 is 
,q suitable, given the evidence that the 18 kDa protein exists, most probably as a 

jft 10 monomer in the extracts. The eluant is loaded on an immunoaffinity matrix created 

H by crosslinking anti-AMP antibodies purified on HiTrap Protein A to CNBr- 

f y activated Sepharose 4B (Pharmacia). Further modification of the immnoaffinity 

]*' matrix may be helpful, either by extension of the linker to the matrix, which has 

|«f proven useful in the past (Aithal et al., 1994), or by crosslinking the antibody to 

Hi 1 5 immobilized protein-A. Because active protein can be recovered by SDS-gel elution, 

^ active protein may also be recovered from the antigen-antibody complexes. Further 

gscs fractionation could be achieved by C8 reversed-phase high-performance liquid 

chromatography (HPLC) column. A final step is the use of the SDS-gel elution 
technique with confirmation of identity by N-terminal sequencing. In all of these 
20 steps the immunodetectable AMP-18 and the growth factor activity should 
fractionate together. 

16. AMP-18 Related Synthetic Peptides 

AMP-18 may be precursor to one or several bioactive peptides. Synthetic 
peptides provide a convenient avenue to explore the function of a protein; peptides 
25 may mimic aspects of the function or antagonize them. If a peptide either duplicates 
or inhibits the protein's activity, then it suggests the identity of functional domains 
of the intact protein, and also provides the possibility of synthesizing specifically 
tagged probes to explore protein-cell interactions. 

Finding that a synthetic 42 amino acid peptide, representing a middle region 
30 of the human protein, is capable of mimicking the growth factor activity of the 
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partially fractionated antrum mucosal extracts has provided a short-cut to the 
analysis of AMP- 18 function. This peptide (designated peptide 58-99; amino acids 
are at positions 58-99 of the mature protein after removal of the signal peptide) in 
addition to several possible protein processing sites at lysine pairs, contains one of 
5 the regions capable of extended helix formation as well as a glycine-proline loop. 
An added advantage of this peptide is that it contains epitopes recognized by both 
of the antisera disclosed herein. Some smaller peptides derived from this sequence 
were synthesized to focus on the bioactive regions. Initially sequences bounded by 
the lysine residues were studied because they may indicate distinct domains within 

10 the protein structure, by virtue of being exposed on the surface of the protein, as 
witnessed by the antigenicity of this region, and may be sites of cleavage in vivo to 
bioactive peptides. The glycine-proline region is important (see Table 1 illustrating 
the bioactive domains of AMP- 18). Glycine-proline sequences are known to be 
involved in SH3 (src homology domain type 3) ligands (see Cohen et aL, 1995; 

15 Nguyen et aL, 1998); because SH domains are involved in protein-protein 
interactions that GP region of AMP- 18 may be involved in the interaction of the 
protein with a cell surface receptor. The exact GPGGPPP sequence found in AMP- 
18 has not been reported for the intracellular-acting SH3 domains, so the intriguing 
possibility exists that it represents a novel protein interaction domain for 

20 extracellular ligands. A 21-mer derived from amino acids at positions 97-1 17 of the 
mature sequence has activity similar to the 42-mer. This shorter peptide is useful 
for growth assays on various epithelial cell lines. This peptide does not express the 
epitope recognized by the antisera disclosed herein. 

All of the AMP- 18 derived peptides were synthesized by the Cancer Center 

25 Peptide Core Facility of the University of Chicago, which also confirmed the 
molecular mass and amino acid sequence of the purified peptides that are isolated 
by HPLC. The biological activity of peptide 78-119 not only provides the basis for 
seeking smaller peptides with mitogenic activity, but permits amino acid 
substitutions that have positive or negative effects to be found rapidly. Inactive 

30 peptides were tested for their ability to block the function of active peptides or intact 
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AMP-18. The possible inclusion of D-amino acids in the peptides (in normal or 
reverse order) may stabilize them to degradation while permitting retention of 
biological function. Further the ability to synthesize active peptides enables tags that 
facilitate studies of the nature, tissue distribution and number of cellular receptors. 
5 Such tags include His-6 biotin or iodinated tyrosine residues appended to the peptide 
sequence (several of the bioactive peptides have a naturally occurring tyrosine at the 
C-terminus). 

Synthetic peptides also permit assessment of the role of potential secondary 
:g structure on function. The finding that a 4 amino acid C-terminal extension of the 

|;H 1° active peptide 97-117, predicted to promote a helix similar to that for the intact 

AMP-18 sequence, led to a more active peptide 97-121, is interesting. The helix- 
V\i propensity of these active peptides e.g. peptide 126-143, which resembles an anti- 

microbial magainin peptide, provides useful information. With respect to 
"*f antimicrobial peptides, the function of the magain in class is related to their ability 

1! 1 5 to form amphipathic helices (Boman, 1995). Synthetic peptides that can be locked 

-I in the helical form by lactam bridges (Houston et ai, 1996) enhanced biological 

"* activity; at least one pair of appropriate acidic and basic amino acid residues for 

lactam formation already exist in potential helix regions of AMP-18. 

Another equally significant aspect of the peptide studies is the potential 
20 availability of specific anti-AMP-18 peptides that antagonize its biological 

functions. Tissue culture studies show that sub-peptides of the growth-promoting 

peptide 78-119 can antagonize the activity of the intact peptide (see Table 1). 

Peptides that can occupy cellular binding sites but lack some essential residues for 

activity may block the action of AMP-18 and its active peptides. This makes 
25 available another set of reagents for the analysis of cellular receptors and for 

assessing receptor-ligand affinity constants. Availability of defined peptide 

antagonists is useful in whole animal studies, and may eventually serve to regulate 

the activity of the natural protein in humans. 



30 
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17. Interactions of AMP-18 and Related Peptides with Cells: 
Assessment of Cell Growth 

Non-transformed monkey kidney epithelial cell line BSC-1 and other 
5 epithelial cell lines were used to assess effects on growth. In general, conditions 
were chosen for each line such that cells are grown to confluence in plastic dishes 
in supplemented growth medium with minimal calf (or fetal) serum for growth 
(Lieske etaL, 1997); BSC-1 cells become confluent at 10 6 /60mm dish with l%calf 
serum. At the start of the growth assay the medium on the confluent culture was 
^ 10 aspirated and replaced with fresh medium with minimal serum to maintain viability 

IS (0.01% for BSC-1) cells. AMP-18 preparations were added to the culture medium 

t y 

|U and 4 days later the cell monolayer was rinsed, detached with trypsin, and the cells 

^ were counted using a hemocytometer. Determination of the capacity of AMP- 1 8 to 

^ initiate DNA synthesis was measured by the incorporation of [ 3 H]thymidine 

□ 15 (Toback, 1980); to confirm the DNA synthesis assay, autoradiograms of leveled 

|£t cells were counted (Kartha and Toback, 1985). 

^ The protein AMP-18 is expressed in the antrum mucosa and to a lesser 

M extent in the adjacent corpus mucosa. However, both antrum extracts and the active 

synthetic peptides stimulate proliferation of most simple epithelial cell lines. The 

20 major criterion used, apart from cells which might be natural targets for AMP-18 or 
its peptides, was that of growth control, particularly cell-density restriction. Many 
transformed stomach lines derived from human cancer patients are available from 
various sources, but most of these do not exhibit growth control. For example, a 
gastric AGS adenocarcinoma cell subline from Dr. Duane Smoot (Howard 

25 University College of Medicine) showed a greater degree of contact inhibition, and 
responded well to AMP-18 and its derived peptides. These cells do not naturally 
synthesize AMP-18. Similar responses were observed with the non-transformed rat 
IEC intestinal epithelial cells (provided by Dr. Mark Musch, Dept. Medicine, 
University of Chicago); the latter show excellent epithelial cell characteristics in 

30 culture (Quaroni etaL, 1979; Digass etaL, 1998). 
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18. Receptors for AMP-18 on the Surface of Epithelial Cells 

Characterization of the target cell receptors of AMP-18 is intriguing because 
of the apparent existence of receptors on cells which are not expected ever to contact 
this protein. Initial growth response assays were performed on kidney-derived 
5 epithelial cell lines, which responded well to the stomach factor. Gastric cell lines, 
as well as the non-transformed rat intestinal epithelial IEC-6 cells, were used to 
address the receptors in cells that are likely the true physiological targets for the 
antrum factor. The specificity for the action of this protein in vivo likely arises from 
the extremely tissue specific nature of its expression, rather than that of its receptor. 
0 It is possible that AMP-18 may interact with receptors shared with other growth 
factors. However, the additive growth stimulus of EGF and the antrum extracts 
suggest that AMP-18 may have novel receptors. 

Protein molecules in cell membranes that interact with AMP-18 may be 
sought in several different ways. Pure AMP- 18 or related peptides labeled, e.g. with 
biotin or radioactive iodine, are used to estimate the number of saturatable sites on 
the cell surface. Scatchard analysis of the binding values as used to determine the 
number and affinity of receptors. For quantitative studies, binding is measured at 
increasing AMP ligand concentrations, and non-specific components are identified 
by measuring binding in the presence of excess unlabeled factor. Iodinated growth 
factors have been cross-linked to cellular receptors enabling their identification 
(Segarini et al, 1987). Labeled AMP ligands are incubated with cells, and the 
bound ligand is cross-linked to the receptors by disuccinimidyl suberate. The 
labeled proteins are resolved by SDS-PAGE, and autodiography is used to visualize 
the cross-linked complex permitting an estimate of the MW of the receptor(s). 
Synthetic peptide mimics or antagonists permit studies of the eel lular receptors, and 
their properties are reasonably inferred prior to future definitive identification, 
presumably by cloning techniques. 

In addition to crosslinking studies, antibodies, or his6-tagged AMP-18 or 
peptides are used to isolate cellular or mucus proteins which bind to AMP-18. As 
an additional approach, an immobilized AMP-18 affinity matrix can be created by 
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20 



25 



using CNMBr- activated Sepharose. As a simple beginning to the analysis of the 
signal transduction pathway mediated by any cell receptor, a test to assay protein 
tyrosine kinase activity in affinity isolates is available (Yarden and Ullrich, 1988; 
Schlessinger and Ullrich, 1992). 

19. Is AMP-18 Processed to Bioactive Peptides? 

The functional molecular form(s) of AMP-18 is not known. Certainly, the 
ca. 18 kDa is the protein form which accumulates in antrum mucosal cells, and 
substantial amounts of polypeptides of lower MW are not detected with the antisera, 
even though they do react with pepsin fragments down to ca. 10 kDa and also with 
the bioactive peptide 78-119 (having only 42 amino acids). Having access to labeled 
or tagged AMP-18 enables a question of whether the protein is processed in antrum 
mucosal extracts, or by the epithelial cells which respond to it, to be explored. 

20. Genes for AMP-18 in Man and Mouse 

Using PCR techniques employing primers based on the sequence of the 
human cDNA clone, genomic clones of human and mouse preAMP-18 were 
obtained. The exon/intron structure (FIG. 13) is complete. Mouse AMP exons are 
sufficiently similar to those of human and pig to allow a sequence of the mouse gene 
to be assembled. Human and mouse genes have very similar structures, the mouse 
gene being slightly smaller. The ORF contained in exons of the mouse gene predicts 
a protein having 65% identity to the human and pig proteins. A 2 kb of sequence is 
upstream of the human gene. 

21. Knockout of the AMP-18 Gene in Mouse 

From the mouse map a targeting construct is designed. The construct 
preferably contains: [5' - TK (a functional thymidine kinase gene) - ca. 5 kb of the 
5' end of AMP-18 DNA - the neomycin phosph-transferase (neo) gene under the 
control of the phosphoglycerate kinase (PGK) promoter -ca. 3 kb of the 3 ' end of the 
gene -3']. A considerable length of homology of the construct with the resident 
AMP- 1 8 gene is required for efficient targeting. Increasing the total homology from 
1.7 to 6.8 kb increases the efficiency of homologous targeting into the hrpt gene 
about 200-fold (Hasty et aL, 1991). Beyond that total length, the efficiency 
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increases only slightly. To facilitate the detection of homologous intergrants by a 
PCR reaction, it is useful to have the neo gene close to one end of the vector. The 
resulting transfectants can be provided by PCR with two primers, one in the neo 
gene and the other in the AMP-18 locus just outside of the targeting vector. Flanks 
5 extending 4 kb 5' and 4.5 kb 3' of the mouse gene have been obtained. Through 
homologous recombination, the coding region will be replaced by the neo gene to 
ensure a complete knockout of the gene are already cloned. After trimming off the 
plasmid sequence, the targeting cassette will be transfected into ES cells and stable 
transfectants obtained by selection with G418, an analog of neomycin, and 
10 gancyclovir(Mansour^a/., 1988). Southern blots with the probe from the flanking 
sequence will be used to screen for targeted homologous recombinants. Correctly 
targeted ES cell clones will be injected in blastocysts from C57BL/6 mice. 

Male offspring obtained from surrogate mothers that have at least 50% 
agouti coat (embryonic stem cell (ES) cell derived) are bred with C57BL/6 mice. 
15 Fl mice that are agouti have the paternal component derived from the ES cells 
(agouti is dominant over black). 50% of these mice should have the knockout 
preAMP-18 allele. These hemizygous mice are monitored for any effect of 
diminished gene dosage. Homozygous knockouts are preferable. If the sole 
function of AMP-18 is in the stomach following birth, then viable homozygotes are 
20 expected. If these cannot be obtained, a fetal ly lethal defect would be indicated, and 
the fetal stage of abortion would be ascertained. This result would suggest an 
unanticipated role of the protein in normal development. 

Homozygous AMP-18 knockout mice are useful for investigations of 
stomach morphology and function. It is expected that such knockouts will show if 
25 AMP-18 is essential, and at which stage of gastro-intestinal development it is 
bioactive. It is possible that the AMP-18 knockout hemizygous mice will already 
show a phenotype. This could occur if reduced dosage of the protein reduces or 
eliminates its function, or if parental imprinting or random mono-allelic expression 
has a significant influence. A range of possible outcomes of the AMP-18 knockout 
30 in mice include: i) no viable homozygotes, implying an essential unanticipated 
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developmental role; ii) viable homozygotes, but with obviously impaired 
gastrointestinal functions; iii) no strong phenotype, i.e. the protein is not important 
to the development and life of the laboratory mouse. If appropriate, the generation 
of AMP-18 in overexpressing mice is pursued. A truncated AMP-18 protein 
produced in the mice could potentially create a dominant negative phenotype; 
knowledge gained from the experiments will further define the functional domains 
of the protein. 
Abbreviations for amino acids 



Amino acid Three-letter One-letter 

abbreviation symbol 


Alanine 


Ala 


A 


Arginine 


Arg 


R 


Asparagine 


Asn 


N 


Aspartic acid 


Asp 


D 


Asparagine or aspartic acid 


Asx 


B 


Cysteine 


Cys 


C 


Glutamine 


Gin 


Q 


Glutamic acid 


GIu 


E 


Glutamine or glutamic acid 


Glx 


Z 


Glycine 


Gly 


G 


Histidine 


His 


H 


Isoleucine 


He 


I 


Leucine 


Leu 


L 


Lysine 


Lys 


K 


Methionine 


Met 


M 


Phenylalanine 


Phe 


F 


Proline 


Pro 


P 


Serine 


Ser 


S 


Threonine 


Thr 


T 


Tryptophan 


Tip 


W 


Tyrosine 


Tyr 


Y 


Valine 


Val 


V 
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